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This paper is concerned with two problems.  First, when the object is near a rough surface 
such as an ocean or terrain, and the transmitter and the receiver are also located near the 
surface, how can we image or detect the object which may be obscured by multiple 
scattering due to rough surface scattering.  Second, even though multiple scattering 
generally increases the incoherent field, there are some phenomena which exhibit 
coherent scattering characteristics even under a multiple scattering environment.   
Coherent backscattering enhancement and memory effects are examples.  These coherent 
phenomena may be used to image objects obscured by rough surfaces. 
 
We present our work in progress on several problems related to rough surface scattering, 
imaging of objects near rough surfaces, and angular and frequency correlations of waves 
scattered by rough surfaces.  This includes coherence in multiple scattering including 
backscattering enhancement, interference phenomena, and memory effects.  The study is 
directed to the development of techniques to detect and image objects near a rough 
surface such as an ocean or terrain.  It is also directed to the study of the use of coherence 
characteristics to detect objects obscured by rough surface scattering. 
 
The problem of near surface imaging is important as it applies to the case of radar 
observation of objects on or near ocean surfaces.  These are several issues which need to 
be addressed.  First, the wave propagating over the surface consists of the coherent and 
incoherent waves, and they are incident on the object, creating coherent and incoherent 
currents, which in turn radiate wave propagation over the surface reaching the receiver.  
In addition, the scattered wave from the rough surface reaches the receiver. 
 
This paper first examines the coherent and incoherent waves over the surface which is a 
direct problem, and involves the Dyson and the Bethe-Salpeter equations.  Next, we 
consider the current on the object.  This is formulated in terms of the stochastic surface 
integral equations and the transition matrix.  Next, we consider the pulse propagation and 
scattering by objects.  This requires the use of the two-frequency rough surface mutual 
coherence function which has not received much attention yet. 
 
Coherence in multiple scattering is important as it applies to imaging and detection of 
objects in multiple scattering environments.  Here, we examine two phenomena.  One is 
the backscattering enhancement which is caused by the interference between the forward 
and backward waves due to rough surfaces.  The other is memory effects and FCF-ACF 
(Frequency correlation function – angular correlation function).  This is a coherence 
effect in multiple scattering and is useful in detecting and imaging objects obscured by 
multiple scattering.  We present some details on these topics below. 
 
1.  Imaging of objects near rough surfaces [1]-[9],[19] 
If the transmitters and receivers are located close to a rough surface and the object is 
also near or on the rough surface, interactions between the propagating waves along 
the surface and the rough surface need to be considered.  First, we consider the 
coherent field.  This is a Sommerfeld dipole problem for rough surfaces, and the Sommerfeld pole and the Zenneck wave are affected by the rough surface.  We make 
use of Dyson’s equation and the diagram method for small perturbations.  For the 
incoherent field, we make use of the Bethe-Salpeter equation.  This includes the 
backscattering enhancement effect.  The location of the Sommerfeld pole, the 
attenuation function, and numerical distance are affected by the roughness of the 
surface.  We make use of the first-order Dyson’s equation and the second-order 
ladder and cyclic equations to obtain the incoherent cross section of the rough surface.  
Further studies are needed to examine the scattering by surfaces of large roughness 
and wedges, which require improved Kirchhoff approximation and the use of GTD. 
 
2.  Object scattering [10],[7],[11] 
We first examine the case of a point scatterer.  The backscattered field from the object 
propagates over the rough surface, and there is an interference effect between the 
forward and backward waves, called the “backscattering enhancement,” or the 
“double passage,” resulting in increased RCS.  If the object size is finite, the 
Kirchhoff approximation for the current may be used for a large object.  Next, we 
consider the stochastic current on the object.  In order to find the current, the 
stochastic surface integral equations for the current need to be formulated.  The 
coherent and incoherent fields are incident on the object, and a stochastic integral 
equation for the current can be constructed.  There are interactions between the 
coherent and incoherent incident field and the object current.  Some numerical 
examples are given.  The scattered field can be expressed by seven terms representing 
these interactions.  Another formulation includes the transition matrix formulations 
for the object.  This involves the fourth-order moment which can be expressed by the 
second-order moments using circular complex Gaussian assumption.  The 
investigation of the stochastic rough surface integral equation is still in progress, 
requiring further studies. 
 
3.  Pulse scattering [5]-[14],[18]  
The problem of pulses propagating over the rough surface involves the study of close 
interactions between the pulse and the surface, and the two-frequency rough surface 
mutual coherence function.  Recent study includes the use of path-integrals and the 
surface flattening coordinate transform.  Further studies are needed to obtain useful 
results on pulse scattering by objects near rough surfaces.  In particular, the further 
study of the two-frequency rough surface mutual coherence function is essential. 
 
4.  Frequency correlation function (FCF) and angular correlation function (ACF) 
[15]-[17] 
If the incident field consists of two frequencies at two different incident angles, and 
the scattered field is observed at two different frequencies and angles, then we can 
observe FCF and ACF.  This also gives the generalized memory effects which show 
the coherence in multiple scattering.  Two beams with different frequencies and beam 
spot sizes are incident on the rough surface with two different angles.  The scattered 
waves are then observed at two different scattering angles and the correlations are 
formed.  This is formulated using temporal and spatial frequency spectra and the 
resulting FCF-ACF clearly show the generalized memory effects and memory line and memory dots.  This result is needed to determine the thickness of the ice layer 
between the rough surfaces on the top and bottom.  Some numerical examples are 
shown.  Further studies on general temporal, spatial, and polarization correlation 
characteristics are needed to develop useful detection and imaging techniques. 
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